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improved in the past decades. For example, the introduction of
novel nanostructures increased the sensitivity of ﬂuorescence-
based single molecule imaging, whereas in vivo applications of this
approach have also been extended. In addition, recent advances
have signiﬁcantly enhanced the speed and precision of atomic
force microscopy and force spectroscopy. This Special Issue high-
lights the increasing sophistication and robustness of single mole-
cule techniques, which emerge as crucial tools for elucidating
biological processes at utmost detail and accuracy.
Fluorescence-based in vitro single molecule imaging approaches
have provided dynamic insights into the biomolecular mechanisms
of motor proteins, ligand binding and protein–nucleic acid interac-
tions, as exempliﬁed in the review articles by Belyy and Yildiz,
Kinz-Thompson and Gonzalez, and Robison and Finkelstein. The
sensitivity and precision of such in vitro ﬂuorescence-based
imaging techniques can be further enhanced through the use of
nano-structures, such as zero mode waveguides and DNA-origami
templated nano-antennas (see also the review article by Acuna
et al.). Remarkably, improved nanophotonic detection schemes
have a promising potential, particularly in single molecule enzy-
mology (Turunen et al.). Moreover, the combination of nanofabri-
cation with biomolecular self-assembly has given rise to hybrid
nanostructures with novel function, such as nanopores, to study
single molecules by ionic currents (Bell and Keyser).
The second part of this Special Issue focuses on improvements of
ﬂuorescence-based techniques to image singlemolecules in vivo. As
discussed in the articles by Machan et al., Stracy et al. and Shivan-
andan et al. such improved technologies have allowed for accurate
quantiﬁcation of individual proteins within protein complexes and
cells, dynamic tracking of single molecules during cellular
processes, and increased spatial resolution of super-resolution
microscopy. The development of enhanced photoswitchable ﬂuo-
rescent probes for single molecule tracking and super-resolution
microscopy (see review by Vaughan and colleagues) has been cru-
cial for these advances. Further development of these techniques
and of their required probes, as well as the implementation of
easy-to-use instruments and analysis software, will signiﬁcantly
accelerate biological discoveries in the near future.
In addition to ﬂuorescence-based techniques, technologies
based on molecular forces, such as atomic force microscopy
(AFM) and force spectroscopy, have been recently reﬁned to enable
sensitive characterization of biomolecular interactions, folding-
and unfolding pathways, and single molecule imaging. In contrastto ﬂuorescence-based approaches, which involve the intermediate
step of molecular labeling, atomic force microscopy-based meth-
ods directly assess the properties of single molecules and provide
mechanical readouts that serve as unique ﬁngerprints. In the third
part of this Special Issue, Hu and Li discuss how AFM-based force-
spectroscopy can be used to detect ligand binding, and how it
affects the mechanical stability and unfolding dynamics of pro-
teins. The recent technical advances of AFM, as presented by
Churnside and Perkins, and Eghiaian et al. now allow performing
mechanical single molecule experiments at unprecedented accu-
racy and speed. Moreover, single-cell force spectroscopy has
important applications, as illustrated in the article by Schubert
et al. Given the promise held by these techniques, it is crucial that
ongoing efforts will manage to overcome limitations in instrument
stability, speed and probe-development. Importantly, combined
use of AFM-, ﬂuorescence- and nanotechnology-based techniques
might give rise to unprecedentedly sensitive technologies in the
near future.
We would like to thank all authors and contributors for their
efforts to make this an exciting and versatile special issue. The
future of single molecule imaging experiments will be full of sur-
prises and their application in various ﬁelds of natural science will
help us understand nature in a more precise manner, down to its
smallest functional building blocks.
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